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One concept for a manned mission to Mars uses an evolutionary version of Space Station Freedom (SSF) as a 
transportation node. The station is modified by the addition of dual keels, an upper and lower boom, additional laboratory and 
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dynamic characteristics of a Lunar transportation node configuration. 


O EVOLUTIONARY CONCEPTS OF SPACE STATION FREEDOM WILL HAVE MORE MASS 
AND BE MORE FLEXIBLE THAN THE ASSEMBLY COMPLETE CONFIGURATION. 
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MERC ADDITIONS TO SPACE STATION FREEDOM 
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MERC WITH MPV 
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Mars Evolution Reference Configuration (MERC) with Mars 

Piloted Vehicle (MPV) 
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Locations of RCS Jets, Sensors, and Center of Mass 
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Structural Model 

Detailed finite element models of the MERC and the MERC with MPV were developed. The MERC finite element model 
is shown in the figure. These models were based on a recent NASA baseline structural model of SSF. The truss members are 
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and twelve dynamic degrees of freedom. 





Rigid Body Properties of Finite Element Models 
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Measured from the center of center bay. ** About the center of mass. 










































The finite element code MSC/NASTRAN, with the Lanczos method of eigenvalue extraction, was used to obtain the 
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UNDAMPED NATURAL FREQUENCY COMPARISON 
OF MERC AND MERC WITH MPV 
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Undamped Natural Modes 
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Typical Modes of the MERC and the MERC with MPV 
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Lowest Frequency Occurrence of Component Modes 
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To reboost the MERC and the MERC with MPV, the RCS composed of four clusters of jets, located on the dual keels, 
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the actual damping which will occur so that computed response levels at the sensor location should be conservative. 



Reboost Assumptions 

The study of a reboost maneuver of a Mars reference configuration is based 
on the following assumptions: 
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Roll attitude controlled by on-modulation of Y-axis jets 


REBOOST ANALYSIS 
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the deadband. An iterative design procedure is employed to select control parameters which satisfies the design objectives. 


Block Diagram of Closed Loop Attitude Control During Reboost 




(a) MERC (b) MERC with MPV 



















The resultant RCS firing sequences for the first 1000 seconds of the reboost maneuver of the MERC and the MERC 
with MPV are shown in the figure. To prevent a chattering instability, which could be caused by elastic rotation in the vicinity of 
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Elastic Response at the Solar Dynamic Power System 
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FLEXIBLE COMPONENT OF SUN LINE 
VARIATION AT SOLAR DYNAMIC COLLECTOR 
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ELEMENTS AT STBD KEEL-BOOM INTERFACE WHICH 
STIFFENING TO PREVENT BUCKLING DURING REBO 
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DYNAMIC CHARACTERISTICS OF THE 
LUNAR TRANSPORTATION NODE CONFIGURATION 
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FREQUENCY DISTRIBUTION TYPICAL MODES 




To reboost the Lunar transportation node, a Reaction Control System (RCS) composed of four clusters of jets, 
located on the transverse boom and the lower keels as shown in the figure, fires its jets to accelerate the station in the 
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EXCITATION DURING REBOOST OF LUNAR TRANSPOTATION NODE 
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Structural Response To Reboost 
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No pointing problems at the SD collector or excessive displacement or 
acceleration occurred during reboost. 
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rotation at the solar dynamic system location never exceeded the 0.1 degree pointing requirement and should therefore 
present no control problems. These results are based on the current mass distribution and elastic model representation and 
are highly dependent on the NASA baseline stiffness of the alpha joint used in the structural modeling. This stiffness is subject 
to change as the design of Space Station Freedom matures. 


CONCLUDING REMARKS 
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